Abstract-Date palm (Phoenix dactylifera L.) is a highly nutritional fruit containing many health benefiting nutrients. The date fruit at Tarm (fully ripened) ripening stage is rejected by consumers as a result of its dark brown skin and bad appearance. Therefore, it is commonly processed into various products. This study aims improve the properties of instant date palm powder ( 
I. INTRODUCTION
The date palm (Phoenix dactylifera L.) is a tropical and subtropical tree which belongs the family Palmae. Date fruit contains high levels of essential nutrients including carbohydrate, mineral, fiber and vitamins. In recent years, worldwide production, utilization and industrialization of dates has increased continuously [1] . In 2004-2014, the worldwide production of dates increased from 6.6 to 7.6 million tons and Asia was the  Manuscript received September 16, 2017; revised January 25, 2018. highest date producer [2] . Date fruit contains a high level of carbohydrates (total sugar about 44-88%), fat (0.2-0.5%), protein (2.3-5.6%) and dietary fiber (6.4-11.5%) [3] . In additions, dates are rich in antioxidants and benefit the brain physically through a neuroprotective effect [4] .
Besides direct consumption, dates are used to produce several products such as date-paste, date-juice, date-syrup, date-dip, date-jam, and date-sugar. IDPP is a potentially valuable product which can extend the shelf-life of dates, convenient to consume and can be used for many applications, but the trouble of fruit powder production is the stickiness of powder during drying, handling, and storage [5] .
Spray drying is a drying technique for transforming liquid food products into powder form. In spray drying, there is an accelerated change in the physical properties of products during the drying process. For the spray drying of high sugar content products, adding large amounts of carrier agents has been the most widely used method to produce a stable powder form [6] .
The stickiness of fruit powder is mainly due to the principle component of low molecular weight sugar and some organic acids which have low glass transition temperature (Tg) and high hygroscopicity (HG) [7] . Thus, anticaking agents are used to reduce the stickiness in fruit powder. Reference [8] shows that anticaking agents added in food can reduce caking and improve powder properties such as flowability, moisture content, and caking of powder. For the crystalline ingredient powder, anticaking agents have several mechanisms: 1) reduce moisture; 2) create moisture-protective barriers on the surface of particles; 3) create smooth surfaces of powder particles to reduce inter-particle friction; and 4) inhibit crystal growth that cause solid bridge formation.
This research aim to investigate the function of two kinds of anticaking agents on the physicochemical properties of spray dried IDPP in order to find the optimal amounts for production
II. MATERIALS AND METHOD

A. Materials
The Deglet-Nour variety of date palm at the Tarm stage of ripening was received from Daily Green (2507) CO., Ltd. (Chiang Mai, Thailand). MD and SiO 2 were purchased from Union Science Co., Ltd. (Chiang Mai, Thailand).
B. Instant Date Palm Powder Preparation
Date palm fruit was pitted and minced to make date paste, then kept at -18°C until used. The date paste was blended with water in a ratio of 1:3 (17°Brix) and filtrated through a bilayer of muslin cloth. The date palm solution was mixed with MD (20, 30 and 40 %w/v) and heated to 60°C before dried using a spray dryer (JCM Engineering Concept Co., Ltd, Bangkok, Thailand) at a feed flow rate 0.04 L/min. Inlet and outlet temperature were 180°C and 95°C, respectively. The collected powder was kept in a polypropylene bag and stored in desiccator containing silica gel for 1 hour. After that the IDPP was mixed with SiO 2 (0.5, 1.0 and 1.5 %w/w) before winnowed though a 50 mesh sieve. The IDPP was kept in ac aluminium foil bag and stored in desiccator containing silica gel for further analysis.
C. Physicochemical Properties 1) Morphology of IDPP
The microstructures of IDPP were examined using a scanning electron microscope (SEM, JSM5410-LV, JEOL, Japan) with a voltage of 15kV.
2) Yield recovery Yield recovery was calculated as the ratio of total content of receiving powder to amount of date paste, MD and SiO 2 .
3) Moisture content About 2 g of date powder was spread on an aluminum can and dried using a vacuum oven at 70°C until the weight was constant [9] . Moisture content was expressed as a percentage of moisture per sample weight.
4) Bulk density, tapped density and flowability 3 g of powder was put inside an empty measuring cylinder (10-ml). The bulk density was determined by (1), where "a" is powder mass (kg), "b" is volume of powder (m 3 ), and "c" is bulk density (kg/m 3 ).
(1)
After observing the bulk density, the powder containing cylinder was tapped until the volume was stable (the difference of powder volume was less than 0.02 ml). The tapped density was calculated by (2) , where "a" is powder mass (kg), "d" is tapped volume (m 3 ), and "e" is tapped density (kg/m 3 ).
Flowability of powder was determined according to [10] . The Hausner ratio (HR) is a value that relates to the flowability of powder or granules. Bulk density and tapped density were used to calculate the HR value following (3). The Carr Index (CI) is relats to the compressibility and flowability and is calculated by (4), where "e" is tapped density, "c" is bulk density, "f" is HR, and "g" is CI. The HR and CI values are described in Table I . (3) ((e - 
5) Hygroscopicity (HG)
Hygroscopicity (HG) was determined using the method of Tze et al. [11] . Approximately 1 g of date powder was spread on a glass plate and stored in a desiccator containing saturated solution of Sodium chloride (75.35% RH) for 1 week. After one week, the samples were weighed and HG was calculated as percentages of adsorbed moisture per dry solids.
6) Solubility
Solubility of powder was determined following method of Cano-Chauca et al. [12] . 1 g of powder and 100 ml of water were transferred into a blender jar and blended at high velocity for 5 min. The solution was carefully poured in tubes and centrifuged at 3000 rpm for 5 min. About 25 ml of supernatant was removed and the leftover mixture was placed on a weighed glass plate and immediately dried using a hot air oven at 105°C for 5 hours. The solubility (%) was calculated by weight difference.
7) Sugar content
Sugar content as reducing sugar (RS) was determined using a dinitrosalicylic acid (DNS) method according to the method of Miller [13] with some modifications. 1 g samples were extracted with 100 ml of water and shaken for 2 hours after that filtrated through filtrated paper (Whatman No. 1, UK). The clear solution was collected for RS analysis. 0.5 ml of sample solution was mixed with 2 ml of DNS solution, prepared by mixing 1.06 g of dinitrosalicylic acid, 141.6 g of water, 1.98 g of NaOH, 30.6 g of potassium sodium tartrate, 0.83 g of sodium metabisulphite, and 0.76 g of phenol together. The mixture was incubated in a water bath at 95°C then cooled and mixed with 2.5 ml of water before being measured for absorbance at 550 nm. Glucose was used as a standard and RS content was expressed as % dry basis.
D. Sensory Acceptance Test
The IDPP was evaluated by untrained consumers (n=50) using a 9-point hedonic scale [14] with IDPP sensory attributes including powder distribution and overall liking. IDPP was presented in a closed transparent plastic cup coded with a randomized three-digit number. 
E. Experimental Design and Statistical Analysis
The experiment was created using 3 2 factorial design with 2 center points, two kinds of anticaking agents, with MD and SiO 2 varied according to 
III. RESULTS AND DISCUSSION
A. Physicochemical Properties IDPP produced according to the experimental design was analyzed for physicochemical properties and sensory acceptance. The morphology of IDPP is shown in Fig. 1 . With a low content of MD (20%w/v), which provided low feed solid concentration, there were large spherical particles with an absence of surface cracks. Additionally, the particles were coagulated together with solid bridge formations ( Fig. 1a and 1b) . On the other hand, the powder with the higher feed solid concentration had smaller spherical shaped particles with less agglomeration and some surface cracks ( Fig. 1c and 1d) . From the comparison of Fig. 1a and Fig. 1b , it was found that the solid bridge formation of particles was reduced through an increase of SiO 2 . Fig. 1e shows the particles of IDPP produced with MD 30%w/v and SiO 2 1.0%w/w. These particles maintained their spherical shape with some agglomeration and surface cracks. The difference in powder characteristics was caused by the difference in feed solid content. This cause agrees with the research of Chegini and Ghobadian [15] who found that low feed solid content (high feed flow) increased the particle size and moisture content of spray dried orange juice powder. The results demonstrate that all physicochemical properties and sensory acceptances were significantly different, as shown in Table III . There were eight responses from physicochemical properties and two responses from consumer acceptance that fit to create the regression model. The relationship between MD and SiO 2 is explained in Table IV. The yield recovery ranged from 28.65±1.84% to 37.94±1.02% and the highest yield recovery was from MD and SiO 2 at 40%w/v and 1.0%w/w, respectively. The yield recovery was affected by increasing the amount of MD as shown in Fig. 2a . The consequences of the addition of MD was a reduction in sticky point temperature and improved handling properties of fruit powder and is in concurrence with the research of Jaya and Das [7] . Furthermore, the results concur with the finding of Quek et al. [16] in that MD was a good encapsulant for low molecular weight sugars such as glucose, fructose, sucrose, and organic acids which Improve the yield recovery of powder by reducing the moisture content and stickiness of the spray-dried product.
For moisture content, IDPP produced with MD at 40%w/v and SiO 2 at 1.5%w/w provided the lowest moisture content whereas MD at 20%w/v and SiO 2 at 1.0%w/w provided the highest moisture content. Increasing MD and SiO 2 reduced the moisture content of IDPP as shown in Fig. 2b . As reported by Mishra et al. [17] who researched the properties of spray-dried amla powder, increasing the MD content reduced the moisture content of the powder by increasing solid content and reducing the total moisture for evaporation. The different letter in the same column mean significant difference (p<0.05) T 1 =Treatments are in Table I . MD at 20%w/v and SiO 2 at 1.0%w/w showed the lowest bulk density, while MD at 30%w/v and SiO 2 at 1.0%w/w showed the highest bulk density. The bulk density increased by adding low amounts MD and SiO 2 and decreased by adding high amounts MD and SiO 2 (Fig. 2c) . IDPP with a low amount of MD and SiO 2 showed high moisture content and agglomeration of particles that provided a high powder mass which resulted in the increasing of bulk density. On the other hand, the IDPP produced with high amount of MD and SiO 2 provided low moisture content and smaller particles which were more loosely agglomerated. This IDDP had low powder mass and more porous which resulted in the decreasing of bulk density. The loose agglomeration of IDPP which was produced with a high amount of MD and SiO 2 was caused by hydrogen bonding formed between IDPP particles and SiO 2 . Similar results were found in the research of Jonat et al. [18] , who studied the glidant properties of compacted colloidal silicon dioxide. They stated that a high density hydroxyl group at the surface of excipients was available for conformation of hydrogen bonding with a hydrophilic colloid such as silicon dioxide. Our findings are in agreement with those of Juliano and Barbosa-Cá novas [19] who studied the flowability characterization of food powder. They stated that anticaking agents such as silicon dioxide reduced the caking of food powder by interfering with the liquid bridge and inhibiting the crystal growth of food powder. The tapped density of IDPP showed that the highest tapped density was achieved with 40%w/v of MD and 1.0%w/w of SiO 2 whereas powder produced at 20%w/v and 0.5%w/w of MD and SiO 2 had the lowest tapped density. While the increasing of MD and SiO 2 increased tapped density of IDPP (Fig. 2d) , the high tapped density powder resulted in a low caking-risk powder. In this case low bulk density and high tapped density are considered good characteristics of IDPP.
HR and CI are values which describe the flowability of powder. HR ranged from 1.26±0.03 to 1.57±0.06. It described the flowability of IDPP from difficult flowing to very difficult flowing. HR was affected by the increasing of MD and SiO 2 which increased HR as shown in Fig. 2e . In addition, CI expressed the same trend of powder flowing as medium flowability to poor flowability (20.37±2.17% to 36.06±2.22%). The increasing of MD and SiO 2 increased the CI of IDPP (Fig.  2f) . Flowability was affected by SiO 2 properties and lower particle size powder [19] . Reducing sugar content is the main cause of stickiness and high HG of IDPP. The results showed that increasing MD and SiO 2 reduced the RS content and HG of IDPP (Fig. 2g and 2h) . The lowest RS content (40.46±0.06 glucose/ 100g dry weight) was from 40%w/v of MD and 1.5%w/w of SiO 2 , while the lowest HG (17.36±0.16%) was achieved from 40%w/v and 1.0%w/w of MD and SiO 2 . It was confirmed that the HG of food powder depends on RS content as described in the research of Jaya and Das [7] . MD was a good carrier agent which modified the balance of hydrophilic/hydrophobic particles in date powder, and provided less water adsorption as stated in the research of Farahnaky et al. [20] . Moreover, IDPP produced with a low amount of MD and SiO 2 provided high solubility in relation to the RS content. The finding is in agreement with the research of Ferrari et al. [21] who studied the physicochemical properties of spray-dried blackberry powder (BP). They found that MD was an effective carrier agent for spray-dried BP as it produced less hygroscopic activity, low bulk density, low moisture and high antioxidant activity in BP. 
B. Sensory Acceptance
Sensory acceptance was determined by untrained consumers (50 persons) with a 9-point hedonic scale. The liking scores of powder distribution and overall liking ranged from 3.9±1.0 to 8.2±0.6 and 5.2±0.5 to 7.0±0.6, respectively (Table III) . The lowest score of powder distribution was IDPP at 20%w/v and 0.5%w/w of MD and SiO 2 respectively, whereas IDPP with 40%w/v of MD and 1.0%w/w of SiO 2 provided the highest score.
Overall liking was found to have the same score trend. Contour plots and regression equations of both attributes showed that the increasing of MD increased the liking score for both attributes but the increasing of SiO 2 decreased the liking scores for both attributes (Fig. 2i and  2j ). 
C. Optimization and Validation of IDPP
RSM was used to optimize a suitable formula for IDPP production. As the criteria for responses, yield recovery, tapped density powder distribution and overall liking were defined to the maximum value while moisture content, bulk density and HG were defined to the minimum value. Fig. 3 
IV. CONCLUSIONS
The addition of MD and SiO 2 in spray dried IDPP improve the properties of the powder. The physicochemical properties and sensory acceptance score indicated the most suitable formula of IDPP production using a spray drying technique was with MD at 35.82%w/v and SiO 2 at 0.73%w/w. These values provided the highest yield recovery, tapped density and sensory acceptance along with the lowest moisture content, bulk density and HG. Thus, the researchers conclude that the aforementioned values of MD and SiO 2 will produce the best IDPP for commercial production and consumer consumption.
